Abstract : The use of Al alloys instead of fiber-reinforced plastic(FRP) in ship construction has increased because of the advantages of Al-alloy ships, including high speed, increased load capacity, and ease of recycling. This paper describes the effects of probe diameter on the optimum friction stir welding conditions of 5456-H116 alloy for leisure ship, measured by a tensile test. In friction stir welding using a probe diameter of 5 mm under various travel and rotation speed conditions, the best performance was achieved with a travel speed of 61 mm/ min. Using a probe diameter of 6 mm, rotation speeds of 170-210 rpm, and a travel speed of 15 mm/ min produced a rough surface and voids because of insufficient heat input produced by the low rotation speed. At 500-800 rpm, chips were observed, although there were no voids, and the weld surface was excellent. However, at 1100-2500 rpm, many chips were produced due to excessive heat input.
Introduction
Friction stir welding was developed at The Welding Institute in the UK in 1991. It is a solid welding technique that efficiently uses friction produced by a rotating tool and plastic flow produced by welding materials. The material to be welded is positioned firmly, as in the butt-welding of plate material in train, aircraft, automobiles, vessels, semiconductors, and building construction. In these applications, butt welding is considered the optimum method 
Material and experimental
The Al-Mg alloy examined in this study is used for vessels and offshore structures. It has good weldability, anti-corrosion properties, and high strength. Table 1 
Results and Discussion
Welding was first conducted under various conditions using a 5-mm-diameter probe. Figure 124 mm/min were also good, but a void was generally formed. The weld appeared smooth at 267 mm/min, although there was a tunnel-type void presentat the start and end points. At 342 mm/min, the void tendency was similar to that at 267 mm/min, but the bead was rougher.
Welding at 720 mm/min produced a bad weld that was very rough, and a wide void was formed due to the lack of heat input. Therefore, as the travel speed increased, the weld surface became rougher, the void size increased, and the deformation of the button at the end point increased.
These results suggest that the good weld surface achieved at low travel speeds was due to the increased heat input produced by sufficient friction. For a rotation speed of 1800 rpm and a travel speed of 61 mm/min, roughness and chip production were reduced by the high level of heat input produced by the high rotation speed. Some voids were observed at the start and end points of the button, and there was an increased tendency for rough beads and voids to form as the travel speed increased. At travel speeds greater than 124 mm/min, voids and a rough surface were readily apparent from the start to end points. With a slow travel speed, the bottom of the weld appeared white due to heat effects. The optimum parameters under the same conditions have been determined for 5083-O, but this proved impossible for 5456-H116 (Kim, 2007) . Even at the same weld speed, the additional strength of 5456-H116 leads to weld defects that result from incomplete penetration and voids that occur because insufficient heat flow is generated. The results at 500, 800, and 1800 rpm were also generally poor; the best characteristics were achieved at the slowest travel speed of 61 mm/min. Tensile tests were not possible for all specimens as in some cases complete penetration did not occur. Since the best welds were achieved at low travel speeds, an even lower speed of 15 mm/min was used to generate greater plastic flow by heat input, using a probe diameter of 6 mm. Figure 3 shows a weld produced at a travel speed of 15 mm/min with probe diameter 6 mm. The bead at 170 rpm was rough, and a void was observed at the end point. The welded part appeared rough because the low rotation speed produced insufficient heat, and a void was probably formed inside. Similarly, at 210 rpm, the surface was somewhat rough due to the lack of heat input, and a void was observed at the start and end points. It is highly probable that a tunnel-shaped void formed from the start to the end points. On the other hand, at 500 rpm large chips were produced due to excessive physical force, but the sample shape was generally good. The mechanical characteristics were probably excellent because the button shape and the surface appearance were better at 500 rpm than at the other two rotational speeds. A travel speed of 15 mm/min produced good results, and the heat input increased with increasing rotation speed. However, the mechanical characteristics must be evaluated by a tensile test because a favorable surface appearance is not sufficient to decide whether a weld is good. At 800 rpm, probe stagnation was observed on the back due to excessive load. Chips were formed, but no void was observed, and the weld surface appeared smooth. A speed of 1100 rpm produced a generally good weld surface, plenty of chips, and a void at the end.
In addition, part of the bottom surface had a zone that was affected by heat from the high heat input. A speed of 1800 rpm produced many chips and a rough weld surface, but no observable voids. At 2500 rpm, a very rough surface with chips was created; there were no voids, but there were considerable heat affects on the bottom, as at 1100 rpm. At 170 and 210 rpm and a travel speed of 15 mm/min, the weld surface was rough and voids were produced due to insufficient heat input at these low rotation speeds. Chips were observed at 500 and 800 rpm, but these were accompanied by a good weld surface without voids.
However, many chips were produced at 1100, 1800, and 2500 rpm due to excessive heat input, and the heat effect on the bottom was quite noticeable. The surface appeared rougher for increased rotational speeds.
Seong-Jong Kim․Min-Su Han․Seok-Ki Jang -276 - The results at 500 rpm were similar, and the condition of the weld was good since the elongation was high, greater than 22 %. At 800 rpm, the stresses to the point of 9 % elongation were similar, and the appearance of the welded parts was good. However, the elongation at the fracture point showed a big difference due to incomplete penetration. In addition, at 1100 rpm, a void was observed at the button of the end point, but the stress-elongation curve was similar and the elongation was 20 %. Reproducibility was guaranteed at 1800 rpm, and while this condition was generally good due to an elongation of 18 %, it was not as good as at 1100 rpm. The weld surface at 2500 rpm was very rough, and no voids were observed, although a void was likely formed since the elongation determined from the results of the tensile tests showed several different values. 
Conclusions
Friction stir welding with a probe diameter of 5 mm and rotation speeds of 500, 800, and 1800 rpm was generally not very successful, but the best characteristics occurred for a travel speed of 61 mm/min. A travel speed of 15 mm/min with a 6-mm probe resulted in a rough surface with voids that were the result of insufficient heat input at the low rotation speeds of 170 and 210 rpm. At 500 and 800 rpm, chips were observed but no voids were apparent, and the weld surface was excellent. However, due to excessive heat input, many chips were observed at 1100-2500 rpm. In addition, heat effects were clearly visible on the bottom. At 15 mm/min, the mechanical characteristics were degraded by the increased softness of the base material due to the increased heat input for higher rpm values. The upper surface fractured on the retreating side at the center of the parallel part of tensile specimen. The fracture angle of tensile specimen was observed at the retreating side with the shifting to lower direction.
